Abstract: This study assessed forest cover change from 1985 to 2016, analyzed community perception on forest cover change and its drivers, and suggested possible solutions in northern Ethiopia. Landsat images of 1985, 2000 and 2016, household interviews and focus group discussions were used. While dense forests and open forests increased by 8.2% and 32.3% respectively between 1985 and 2000, they decreased by 10.4% and 9.8% respectively from 2000 to 2016. Grasslands and cultivated land decreased in the first period by 37.3% and 5.5% but increased in the second period by 89.5% and 28.5% respectively. Fuel wood collection, cultivated land expansion, population growth; free grazing, logging for income generation and drought were the major drivers of the change reported by local communities. Soil erosion, reduction in honey bee production, flooding and drought were the most perceived impacts of the changes. Most of the farmers have a holistic understanding of forest cover change. Strengthening of forest protection, improving soil and water conservation, enrichment planting, awareness creation, payment for ecosystem services and zero grazing campaigns were mentioned as possible solutions to the current state of deforestation. In addition, concerted efforts of conservation will ensure that the forests' ecosystems contribute to increased ecosystem services.
Introduction
Forests are important sources of livelihood for millions of people and contribute to the national economic development of many countries. Despite their crucial importance in livelihood and climate regulation, forest resources all over the globe are subjected to enormous pressure resulting in deforestation and degradation due to the increase in human and cattle population and widespread rural poverty [1] . For instance, since 1990 FAO [2] has estimated that about 129 million hectares of forests have been lost. The depletion of forests has many ecological, social and economic consequences, including the extinction of biotic communities leading to reduction in biodiversity, soil erosion, global warming and loss of income to forest dwellers [3] .
In Ethiopia, the diverse forest resources available provide goods and services of significant values to the society, environment and economy [4] . Afromontane vegetation, which covered more than 50% (Kebeles) within or at the periphery of the forest boundary. The area is characterized by an undulating landscape where the dense forest is found on the hillsides and the valleys are left as cultivated areas and scattered bushlands.
Figure 1. Location map of study area: Wujig Mahgo Waren forest (A), Tigray region (B) and Ethiopia (C).
The mean annual and monthly temperature of the study area ranges between 8 and 25 °C. The elevation of the study area ranges between 1404 and 3924 m.a.s.l and is on average 2284 m. The highlands receive mean annual rainfall of 833 mm, whereas, the annual rainfall for the lowlands is 841 mm [23] . The area has a mainly semiarid climate with a bimodal rainfall pattern. Based on the 2013 population projection of Ethiopia, southern Tigray zone had a total population of 1,184,208 in 2017 of which 49% were men and 51% were women; 18% were urban inhabitants [24] .
A wide range of plant species occur in the area including Acacia abyssinica [Hochst. ex] Benth, Eucalyptus globulus Labill, Eucalyptus camaldulensis Dehnh, Juniperus procera Hochst. Ex Endl, Olea europaea ssp. africana Mill, Podocarpus falcatus (Thunb.) Mirb, Dedonea angustifolia L.F., Combretum molle R.Br. ex G.Don, Diospyros mesipliformis Hochst ex A. DC, Cadia purpurea (G.Piccioli) Aiton and Opuntia ficus-indica (L.) Mill. According to WRB's soil taxonomy, Vertisols, Cambisols, Fluvisols, Regosols, and Leptosols are dominant soil types in the study area [23] .
The community in the study area practice rain-fed, subsistence-mixed farming. Small-scale farmers with an average landholding size of less than one hectare per household dominate the area. Southern Tigray is known for its high potential for wheat, barley, faba bean and maize production as well as its rich livestock.
Data Collection

Acquisition of Satellite Images and Ground Truth Data
Cloud-free Landsat satellite images captured in the dry season for the years 1985, 2000, and 2016 were acquired from the U.S. Geological Survey's Earth Resources Observation and Science (USGS). The years of study were selected based on major changes in political systems. The technical details of the satellite data that were used in the present study are given in Table 1 . The mean annual and monthly temperature of the study area ranges between 8 and 25 • C. The elevation of the study area ranges between 1404 and 3924 m.a.s.l and is on average 2284 m. The highlands receive mean annual rainfall of 833 mm, whereas, the annual rainfall for the lowlands is 841 mm [23] . The area has a mainly semiarid climate with a bimodal rainfall pattern. Based on the 2013 population projection of Ethiopia, southern Tigray zone had a total population of 1,184,208 in 2017 of which 49% were men and 51% were women; 18% were urban inhabitants [24] .
Data Collection
Acquisition of Satellite Images and Ground Truth Data
Cloud-free Landsat satellite images captured in the dry season for the years 1985, 2000, and 2016 were acquired from the U.S. Geological Survey's Earth Resources Observation and Science (USGS). The years of study were selected based on major changes in political systems. The technical details of the satellite data that were used in the present study are given in Table 1. For training points, more than 30 ground control points per land cover (LC) class were purposively assigned [25, 26] . For accuracy assessment, 40 points per class were collected using a Global Positioning System (Garmin GPS) [27] . To include differences of reflectance due to difference in density (canopy Land 2018, 7, 32 4 of 16 cover) within each category, ground control points were systematically distributed. For historical image classification and accuracy assessment, ground control points were collected by interviewing a group of five elders to indicate what was found where. Those areas which achieved an agreement of four of the five elders were taken as valid. The consistent cover types that had not been changed within the study period as confirmed by the elderly people and verified with Google Earth were included for training and accuracy assessment. The data used for the community and stakeholder study originated from primary and secondary sources including household survey and focus group discussions. A reconnaissance survey was conducted to have a broader understanding of study areas. During this exploratory survey, discussions were held with different stakeholders including farmers and extension staff working directly with the farmers. The findings from this stage were used to refine the study objectives, sampling methods, and the survey instrument.
A stratified two-stage sampling procedure was used to select kebeles and farming households. The study area was stratified into three groups based on agro-ecology zones (AEZs), following the classifications distinguished by the Ministry of Agriculture [28] . The classifications incorporated sub-humid highlands from 1500 to 2300 m, humid highlands from 2300 to 3200 m, and cold highlands above 3200 m. The two-stage sampling technique was applied to select the individuals from each of these agro-ecology zones. In the first stage, a purposive sampling method was employed to identify representative kebeles from each of the AEZs based on their distance to the forest. Accordingly, Tsigea and Ebo from the sub-humid highlands, Hizba Teklahymanot from the humid highlands, and Ayiba from the cold highlands were selected. In the second stage, respondents were randomly selected from each Kebele.
A total of 150 households were selected for the household survey. In addition to the household survey, we conducted 12 group discussions with farmers and development agents. Each group was composed of about 10 to 12 individuals and the topics for the discussion were related to their perception of forest cover change, drivers of deforestation, their impact, existing remedies and possible solutions. Each focus group had a trained facilitator who guided the participants through sets of prepared questions. The selection of explanatory variables (drivers) of LC changes incorporated in the questionnaire (Appendix A.1) was based on literature [29, 30] and expert knowledge of the area.
Data Analysis
Satellite Image Analysis and Accuracy Assessment
To improve the interpretability of the images, appropriate preprocessing procedures including radiometric correction (haze reduction and histogram equalization) were performed using the Earth Resources Data Analysis System (ERDAS) Imagine software, 2014. Both unsupervised and supervised image classification methods were employed [31] . Unsupervised classification using the Iterative Self-Organizing Data Analysis Technique (ISODATA algorithm) was first carried out to identify a potential representative of the overall land cover clusters of pixels available. The results of the unsupervised classification were then verified in the ground. A total of five land cover classes were identified. All five classes were identified in all images and represented the years under investigation in a consistent manner. The five classes were identified as dense forest, open forest, cultivated land, bare (Table 2) . Using training samples, maximum likelihood supervised classification was performed.
Consequently, the accuracy of the image classification was assessed. Thus, total accuracy and Kappa statistics were computed. Comparison was carried out by creating an error matrix, as discussed by Congalton and Green [32] . In principle, all the output maps have to meet the minimum 85% accuracy [33] . 
Land Cover Type Description
Dense forest All lands with tree cover of canopy density over 40% [34] .
Open forest All lands with tree cover (including mangrove cover) of canopy density between 10% and 40% [34] .
Cultivated land Areas of land prepared for growing agricultural crops. This category includes areas currently under crop and land under preparation.
Bare land Areas with little or no "green" vegetation present due to erosion, overgrazing and crop cultivation.
Grassland
Lands covered by herbaceous plants with coverage greater than 5% and land mixed rangeland with the coverage of shrub canopies less than 10% [35] . Among the herbaceous species, Cynodon dactylon and Pennisetum petiolar had greater frequencies in the study area.
Change detection was conducted using a post-classification image comparison technique [30, 36] . Visual comparison of features and matrix analysis were adopted to determine and detect land cover change [37] . Areas that were converted from one class to any of the other classes were computed and the change directions were also determined. The values were presented in terms of hectares and percentages. The estimation of the rate of change for the different covers were computed based on the formulae [38] .
Household Survey and Focus Group Discussion
Descriptive statistics of simple frequency analyses were used to describe socioeconomic characteristics of households. Differences in perceptions among respondents in different kebeles concerning the forest cover change and drivers of forest cover change were also investigated using a nonparametric test, namely Pearson's chi-square test. Ranking of drivers of forest cover change were done using ranking index method [39] . The index was computed as:
where, Rn = value given for the least ranked level (example, if the least rank is 5th, then Rn = 5, Rn-1 = 4, R1 = 1; Cn = counts of the least ranked level (in the above example, the count of the 5th rank = Cn, and the count of the 1st rank = C1. Data collected through focus group discussions and observations were analyzed qualitatively.
Results and Discussion
Accuracy Classification
The overall accuracies for our classified thematic maps ranged from 90% to 93% with the Kappa coefficient ranging from 0.87 to 0.89 (Table 3) . According to Turan and Günlü [40] , the overall accuracy is acceptable if it is greater than 80%. The accuracy of our result is reasonably high falling within the range of land cover classification accuracies in similar regions. Similar results with relatively high 
Land Cover (LC) Changes
A total of five LC types were extracted in the studied landscape ( Figure S1 ). In 1985, dense forest was the dominant LC type making up 26% of the total area; followed by bare land (24%), open forest (21%), cultivated land (19%) and grassland (10%) ( Table 4 ; Figure S1 ). In 2000, dense forest constituted the largest part (28%) and open forest, bare land, cultivated land and grassland made up 28%, 19%, 18% and 6% of the studied landscape, respectively. Dense forest continued to be the dominant LC in 2016 followed by open forest, cultivated land, bare land and grassland. Figure S2 ). However, between 2000 and 2016, a decrease in dense forest and open forest and an increase in cultivated land and grassland were recorded (Table 4 ; Figure S2 ). The fluctuating changes of the land cover overtime can be attributed to management changes of the forest. When the regime system of the country changed in 1991, there was a change in natural resource management including intensive soil and water conservation, exclosure establishment and community participation which gave the forest a recovery time for which some improvements have been observed between 1985 and 2000 [42] [43] [44] [45] . However, communities were encroaching on lands to get wood for fuel, construction materials, more arable land and animal feed which caused a slight decrease in cover between 2000 and 2016 [45, 46] . This is made evident from the results which show that the significant increase in cultivated and grassland has dictated the overall changes in the study area. The current growth of farmland and grassland at the expense of other LC types, especially forests and woodland, in the study area may be a manifestation of the weak or inappropriate institutional arrangements in the study area as it was observed in other parts of Ethiopia [47] . This has led to the inclusion of Wujig Mahgo Waren forest in the existing state forests
according to the regional proclamation of 2012 [48] , to continuously protect and manage it so that a continuous increment in the forest cover can be expected.
These results are in agreement with previous findings [21, 41] , suggesting that habitat conversions were observed from forest to cultivated land. A significant loss of forest cover was also reported by Hailemariam, et al. [26] in the Bale mountains within an observation period of 30 years. Such changes of forest cover are also evident in different parts of the world. For example, Huang, et al. [49] found that massive vegetation loss had occurred over the past 30 years in Beijing. This finding is therefore in line with the findings of [50, 51] , who reported that agriculture is expanding in the tropics.
While all land covers have undergone changes in area, the level of changes was different (Table 5) Major trends contrary to the LC changes previously observed were found in the change matrix analysis for cultivated land and grasslands. Cultivated land replaced about 691 ha of the land that used to be covered by other LC types. The major sources were bare land (about 1122 ha), open forest (about 620 ha), grassland (about 279 ha) and dense forest (about 253 ha). Our study result is in line with what was reported by Hailemariam, et al. [26] , where farmland gained the most compared to other LC types. Furthermore, other findings, in Nech Sar National Park, for example, showed that forest was largely replaced by cultivated land [41] . Tesfaye, et al. [52] found a major decline in forest cover and a substantial increase in cultivated land in the Gilgel Tekeze catchment. Our study also confirmed the results of Alemu, et al. [53] , indicating an increased in trends of conversion of woodland into agriculture. A study by Dessie and Christiansson [15] also revealed a decline in forest area from about 40% at the turn of the 19th century to less than 3% in the year 2000 in the south-central rift valley of Ethiopia. Findings from elsewhere also showed an expansion of cultivated land and a decrease in forest and woodland over four decades in northern Ethiopia [54] . 
Socioeconomic Characteristics of Respondents
The majority (63%) of the sampled households were middle aged (20 and 49 years, mean age = 47 years) while older inhabitants aged > 50 years accounted for 37% (Table 6) . Furthermore, the household size composition was 1-5 (51%), 6-10 (47%) and the 11-15 (2.6%). The minimum, mean, and maximum household size was 1, 6, and 12 persons, respectively ( Table 6 ). The larger proportion of households had smaller land sizes, <0.5 ha (68%) and 0.75-1.25 ha (28%) and landless (4%). The overall average farm size under cultivation was 0.5 ha per household. The mean household income for all the interviewed households was USD 323 (ETB 7377) per year. The majority (75%) of the household respondents were male, and only 29% of the respondents were literate. Approximately 97% were farmers and only 3% of the respondents depended primarily on other off-farm income sources like wood collection and trade. 
Perception of Farmers towards Forest Cover Change
Significant differences were found in perceptions among respondents regarding forest cover change. For instance, 73% of respondents perceived that the forest was in a bad condition, and if the government and the community do not act promptly, the condition of the forest may worsen in the near future. In contrast, 24% signified that the forest was increasing in size and cover and 3% of the respondents stated that there had been no change in forest cover ( Table 7) . The remote sensing image analysis results between 2000 and 2016 were perceived correctly by a majority of the respondents. Significant differences were also found in perceptions among respondents in different kebeles concerning the forest cover change (Table 8) . For instance, while 89% of the respondents from Hiziba Teklehimanot kebele perceived that the forest was declining; 50% of the respondents from Tsgea kebele perceived that the forest was increasing. This might be due to the location of communities and spatial differences of forest conditions within the study area. During the reconnaissance survey, it was observed that the forest cover in Tsgea Kebele was better compared to that of Hiziba Teklehimanot kebele. During the focus group discussions (FGDs), the participants had perceived that the changes in government in 1991 (from Derg's regime to EPRDF regime), had brought about changes in natural resource management approaches, from top down to bottom up, and ultimately to its current status of the forest. The participants further explained that apart from the state-owned remnant forests, Land 2018, 7, 32 9 of 16 there was little effort to protect the forest before 1991. However, since the change in regime in 1991, the forest cover has improved because of the change in the forest administration system, that is, from state-owned forest to community managed forest.
Ranked Drivers of Forest Cover Change
The respondents identified seven factors as important drivers for LC changes in the studied landscape with fuel wood collection (71%) and the expansion of cultivated land (63%) as the most important drivers (Table 9 ). In addition, some of the respondents reported house construction (51%), population growth (38%), pastoral use (35%), logging for income generation (34%) and drought (12%) as important causes for the observed LC changes. In agreement with our findings, these causes were reported in Demissie, et al. [29] as important drivers of LC changes in the Libokemkem district of South Gonder, Ethiopia. Kindu, et al. [55] indicated that population growth, expansion of cultivated lands, settlements and fuel-wood collection were the top significant drivers of change in LC in the Munessa-Shashemene, South-central highlands of Ethiopia. Fuel wood collection and charcoal production were the main degradation drivers for the African continent [56] . In this study, the opening up of new agricultural land to feed the ever growing population was indicated to significantly contribute to the current deforestation process. Similar results have been forwarded by Noriko, et al. [56] indicating that agriculture alone caused 73% of all deforestation in developing countries. According to DeFries, et al. [57] and Fisher [58] , existing deforestation in Africa is still largely driven by small-scale subsistence agriculture.
Our FGDs in the different kebeles have indicated that population pressure had a great impact on the forest dynamics. Previous studies in other parts of the country also reported population pressure as a major driver of LC changes [20, 59, 60] . Furthermore, in the FGD, elders pointed out that they are dependent on the selling of fuelwood as an immediate source of income during decline or failure of crop production as a result of drought years. In these cases, farmers living in the study landscape and the neighbouring areas were forced to clear the remaining forests either to create additional croplands or to provide a source of income to maintain their livelihoods. This is a common survival strategy of rural populations in the events of degradation, drought, and rainfall variability across Africa [61] . Significant differences were found in perception among respondents in different kebeles regarding free grazing and income generation driving factors (Table 10) . While all of the respondents in Hiziba Teklehimanot perceived free grazing as a major driver of forest cover change; most farmers in Ayiba kebele did not consider it as a key driver of the change. Instead, the majority of the respondents from Ayiba kebele perceived income generation as a major driver of the observed changes. There were no significant differences in perception among the respondents of all Kebeles for the cultivated land expansion, fuel wood collection, population growth, housing, and drought drivers. *** Significant at p < 0.001, indicating that the location of farmers/households had a significant effect on the perception of farmers towards the drivers.
Perception of Farmers on Impact of Deforestation
Soil erosion (52%), aesthetic value reduction (33%), flooding (35%), water cycle disruption (30%), drought (11.3%), shortage of wood for fuel, housing and agricultural implements (35%) and honey bee reduction (12%) (Figure 2 ) were indicated as the direct impact of deforestation in the studied area. Deforestation generally increases rates of soil erosion by increasing the amount of runoff and reducing the protection of the soil from tree litter [62] . According to Gore [63] and Bruijnzeel [64] , the water cycle is also affected due to deforestation. In developing regions of Africa, Asia, and Latin America, the loss of forests was projected to result in widespread fuel wood shortages [65] . Similar findings were also recorded by Ejigu, et al. [66] who revealed that shortage in bee forage was the major constraint of bee-keeping in the Amhara Region, Ethiopia. The aforementioned findings are in agreement with the perceptions of the respondents indicating that they critically understand the consequences of deforestation in the studied area. *** Significant at p < 0.001, indicating that the location of farmers/households had a significant effect on the perception of farmers towards the drivers.
Soil erosion (52%), aesthetic value reduction (33%), flooding (35%), water cycle disruption (30%), drought (11.3%), shortage of wood for fuel, housing and agricultural implements (35%) and honey bee reduction (12%) (Figure 2 ) were indicated as the direct impact of deforestation in the studied area. Deforestation generally increases rates of soil erosion by increasing the amount of runoff and reducing the protection of the soil from tree litter [62] . According to Gore [63] and Bruijnzeel [64] , the water cycle is also affected due to deforestation. In developing regions of Africa, Asia, and Latin America, the loss of forests was projected to result in widespread fuel wood shortages [65] . Similar findings were also recorded by Ejigu, et al. [66] who revealed that shortage in bee forage was the major constraint of bee-keeping in the Amhara Region, Ethiopia. The aforementioned findings are in agreement with the perceptions of the respondents indicating that they critically understand the consequences of deforestation in the studied area. 
Existing Remedies and Potential Solutions
Various efforts have been made at several levels to maintain and increase the forest cover. Among the main activities that have been implemented were the establishment of exclosures, formulation of bylaws, enrichment plantation and soil and water conservation structures. Exclosures 
Various efforts have been made at several levels to maintain and increase the forest cover. Among the main activities that have been implemented were the establishment of exclosures, formulation of Land 2018, 7, 32 11 of 16 bylaws, enrichment plantation and soil and water conservation structures. Exclosures are areas closed from human and animal interference to promote natural regeneration of plants on formerly degraded communal grazing lands [67] .
To maintain areas undergoing long-term forest regeneration, additional measures need to be taken. According to the respondents, strengthening forest protection (52%), improving soil and water conservation structures (39%), awareness creation (37 %), enrichment planting (35%), financing for added ecosystem services (31%) and introduction of zero grazing mechanisms (15%) are possible solutions to the current deforestation (Table 11) . 
Conclusions
This study analyzed the land cover (LC) dynamics of the Wujig Mahgo Waren state forest of Northern Ethiopia, from 1985 to 2016. The land cover changes were successfully detected using a combination of GIS and remote sensing techniques and household surveys. The study area has undergone extensive land cover changes over the past 30 years with a rapid transformation from dense and open forest to cultivated land and grassland. Due to the increment in population, additional arable and grazing lands are in demand, placing immense pressure on the other land use types, mainly the forest. This implies that the natural resource conservation measures that have been practised in the study area did not bring the desired conservation results.
Multiple factors underpin the observed changes in the land cover types. Fuel wood collection and expansion of cultivated land were ranked as the key factors responsible for the changes in land cover.
Improving forest protection, soil and water conservation structures, community awareness, enrichment planting, financing for added ecosystem services and the introduction of zero grazing mechanisms are among possible solutions forwarded to reverse the undesired situation in the study area.
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